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0 Polymer material having shape memory characteristics. 



0 The present Invention provides a polymer material having shape memory characteristics and characterized 
in that the material is prepared from a polymer substance obtained by dissolving an amorphous fluorine- 
containing polymer in an acrylic monomer, and polymerizing the monomer with or without permitting the 
resulting polymer to form an interpenetrating polymer network, and a polymer material having shape memory 
^characteristics and characterized in that the material is prepared from a blend of (a) and (b). (a) being an 
„ amorphous fluorine-containing polymer or crystalline polymer containing vinylldene fluoride, and (b) being an 
^acrylic polymer. 
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Polymer material having shape memory characteristics 

Tis Tert^TlSf 'f '°'rT '^^'"^ ^^^^ '"^'"^^ characteristics, 

transport L Lr^?^^^^^^^ ^°"f . f ""'^"'^^ compounds as shaped are difficult to install, assemble or 

.0 (JP-I!^35Mlrr'^ """^ ''"*«^ Hiose M norbomens polymers 

disadvantages original shape. Thus, they have advantages and 

amenable lo polymedzaBon reacBon ml are theretoe desirable " -""^ra-ll 1S) ae highl, 

to 60 wt% JTona sS^e ofTht^ nn, ! * ^ Particularly limited but is preferably 10 

amenable to poiymerlLtion reSrand^'S ^^^^^^^ 

vinylidene fluoride may be those crosslinked by a J^rmamTer ' '^''P^'y"'^^^ containing 

Fluoroalkene/olefin copolymers used in the present invention include a copolymer of tetrafluoroethylene 
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and propylene, and copolynners of the above two components and other copolymerizable monomer. 
Samples of useful other copolymerizable monomers are vinylidene fluoride. perfluoro(alkyl vinyl ether)[e.g.. 
perfluoro(methyl vinyl ether). perfluoro(propyl vinyf ether)], ethylene, isobutene, 2-chloroethyl vinyl ether, 
acrylic acid giycidyl vinyl ether and vinyl acetic acid. 

5 Fluoro{alkyI vinyl ether)/olefin copolymers include ethylene/perfiuoro(methyl vinyl ether) copolymer. 
ethylene/perfluoro(propyl vinyl ether) copolymer and ethylene/perfluoro(polyether vinyl ether) copolymer. 

Examples of fluorosilicon elastomers are a copolymer of methyltrifluoropropylsfloxane and vinylmethyl- 
siloxane, and examples of fluorophosphazene elastomers are a reaction product of a long-chain elastomer 
with trrfluoroethanol, pentafluoropropanol or heptafluorobutanot, the elastomer being obtained by thermal 

70 degradation of dichtorophosphonitrile trimer. 

Acrylic monomers useful for the present Invention are not limited in kind and include mono- and 
polyfunctional monomers. The monomer is used singly or in a mixture of at least two of them. The 
polyfunctionai monomer is preferably used In a small amount, conjointly with the monofunctional monomer. 
Examples of preferred monomers are methyl methacrylate (MMA), ethyl methacrylate (EMA), butyl 

75 methacrylate (BMA). 2-hydroxyethyl methacrylate (HEMA). 3-(trimethoxysilyl)propyl methacrylate (MSPM). 
2-(phenylphosphoryl)ethyl methacrylate (phenyl-P), 2-hydroxy-3-(i5-napthoxy)propyl methacrylate (HNPM). 
N-phenyl-N-(2-hydroxy-3-methacryIoxy)propylglycine (NPG-GMA). ethylene glycol dimethacrylate (EDMA or 
IG). diethylene glycol dimethacrylate (DiEDMA or 2G), triethylene glycol dimethacrylate (TriEDMA or 3G), 
1,4-butanediol dimethacrylate (1,4-BuDMA), 1,3-butahedioI dimethacrylate (1,3-BuDMA), neopentyl glycol 

20 dimethacrylate, 1,6-hexanedlol dimethacrylate. 2.2-bis[4-(2-hydroxy-3-me.thaayloxypropoxy)phenyl]propane 
(Bis-GMA), 2,2-bis(4-methacryloxyphenyl)propane (BPDMA), 2,2-bis(4-methacryloxyethoxyphenyl)propane 
(Bls-MEPP). 2.2-bis(4-methacryloxypolyethoxyphenyl)propane (Bis-MPEPP), di(methacryloxyethyl)- 
trimethylhexamethytenediurethane (UDMA), trimethylolpropanettmethacrylate (TMPT), giycidyl 
methacrylate, 

25 CH2=C(CH3)COOCH2CF3 (3FMA). 

CH2 = C(CH3)COOCH2CF2CF2H (4FMA). 
CH2=C{CH3)COOGH2CF2CF3 (5FMA). 
CH2 = G(CH3)CGOGH2(CF2)2CF3 (7FMA). 
GHz = G(GH3)COOGH2(CF2)3GF2H (8FMA). 

30 acrylates and a-fluoroacrylates corresponding to such compounds. 
Examples of a-fluoroacrylates are 
CH2=CFGOOCH2GF2CF2H (4FFA), 
CH2 = GFGOOCH2CF2CF3 (5FFA). 
CH2 = GFCOOGH2(GF2)3GF2H (BFFA) and 

35 CH2=CFGQOGH2(GF2)sGF2H (12FFA). 

According to the Invention, the fluorine-containing polymer is dissolved in such an acrylic monomer, 
and the solution is . then subjected to polymerization, whereby the polymer substance is prepared. The 
polymerization is conducted In the presence of a polymerization initiator. A polymerization inhibitor, 
reducing agent transfer agent, etc. can be added to the polymerization system. Examples of useful 

40 polymerization initiators are light, heat, benzoyl peroxide, azoisobutyronitrite (AIBN). camphorquinone (GO). 
9-fluorenone, tributylborane (TBB). benzophenone and the like. Examples of useful reducing agents are 
dimethylaminoethyl methacrylate (DMAEMA). dimethyl-p-toluidine (DMPT) and the like. Examples of useful 
polymerization inhibitors are hydroquinone, hydroquinone methyl ester and the like. Examples of useful 
transfer agents include lauryt mercaptan. 

45 When heat polymerization is resorted to. it is desirable to heat the solution at a temperature of about 40 
to about .100*G for abourt 10 to about 160 minutes. When to be subjected to photopolymerization. tiie 
solution is preferably irradiated with visible ray or ultraviolet ray for several minutes to tens of minutes. 

The substances of the present invention include those obtained by forming such a polymer substance 
into an IPN (inteipenetrating polymer network). IPN is a polymer obtained by mixing two linear polymers 

60 together each in the form of a liquid (or solution) and crosslinking one or both of the polymers to interlock 
the respective molecular chains. This method Is utilized in the present invention as modified into several 
different methods. According to a first method, a polymer substance is first made Into a film, a monomer 
sen/ing as a guest polymer is injected in the state of vapor phase into the film, or the film is immersed in a 
solution of the monomer to inject the monomer into the film, and the film . is thereafter polymerized or 

55 crosslinked as by heating or in^adiation witii light. A second method, like the usual IPN forming mettiod. 
comprises dissolving a polymer substance in a suitable solvent, admixing a guest component with the 
solution for reaction, casting the resulting solution into a film, and heat-treating the film when so required. 
Otiier methods are also usable. 
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a crosslfnking agen" ' ^ ^ '^^^ "^°"0"^er. or by using 

n,«hl PC-,™, a^l »^ p„,y„er are .»abte «ose ob«„ed ty a u«.a, 

wWdi fe tten n,aae „B a aSTjhL CSlZt^^ to . cwlno composition. 

JO 



35 



40 



45 



50 



55 



shap?by S'taon^r °' ^ "^^'^ ^ *° « second 

Is easily deformable ^0^1X5 an/^^ L'SS''' * ""''^'^ 

the glass transition point of the polymer sIlsSS" 5S«nlL»f ^® " P'®'^'^'"^ ^"^^"^ 

glass transition temperature It irSLif 2^ri^!^!.?^?T*:°" *«'"P«^«*"'e not lower than the 
the deformation. *° the artKle to below the transition tempertature to fix 

eaa, to hidllb/*,^^^^ Z'nsSlTS aSS^ " JT""* '" a*le Is made 

Shape bv so as.or^S'cSSaSd'SSr's^aS^^rtl"" 

members, stationery teachkw rSaSS nm^Jl » S ^' P'^'^"* "^^^te for toy 

affected ^rts^orZd^lt^tm s^oS^^ 'T' l^ "'"'^'^ ^'''"S 

heads for wigs. etc. FTrthermorl lte^^^ clolls artftaal flowers, molds or patterns, models of 

functional maLal. piSSerc ^rSlSIv^ f"""^''"*" "'^^ ''^'^-^ 

temperature sensors ^«ctnca»y conducbve polymer material or the like for use as 

- --"^ — - compara«ve examples, in 

tensionyst^bL^^^^^^^^^ "^rr^^erS^^r ^ "^"'^ ^ '^^^ 
Rg. 2 .s a dmgram showing DSC measurements of the film obtained in Example 14; and 
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Fig. 3 is a graph showing the relationship between the temperature and the modulus of elasticity in 
tension established by the film. 



5 Example 1 

In MMA having dissolved therein CQ and DM AEMA each in an amount of 0.5wt% was immersed 20g 
of fluorine-containing polymer (Dai-el® G801, iodine-containing elastic copolymer containing vinylidene 
fluoride) which was crosslinked by the conventional method to impregnate lOg of the monomer into the 
to polymer. The monomer was polymerized with iradiation of visible ray at room temperature for 10 minutes. 
The obtained solid high polymer was checked for modulus of elasticity using a Vibron. product of Orientec 
Co.t Ltd.. at a temperature elevation speed of 2'C/min. and frequency of 3.5H2. The results were given in 
Table 1. 



T5 



Table 1 



20 



2? 



Temp 

Cc) 


Modulus of 
elasticity 
(dyne/cm^). 


-100 


3.0 X 10^*^ 


-50 


2.8 X 10^0 


0 


2.25x10^° 


50 


1.6 X 10^0 


100 


2.0 X 10^ 


150 


9,3 X 10^ 


200 


1.07 X 108 


250 


1.20 X 108 



30 



Example 2 

in a mixture of 0.98g of MMA and 0.02g of ethylene glycol dimethacrylate (1G) was dissolved 2g of 
fluorine-containing polymer (Dai-el® G801). Thereto were added CQ and DMAEMA each in an amount of 
0.5wt% and the monomers were polymerized with use of visible ray at room temperature for 10 minutes. 
The characteristics of the obtained solid polymer were shown below. 



45 



(1) Tensile strength at break 

Measured according to jiS K 6301 using an autograph, product of Shimadzu Seisakusho Ltd., with use 
of dumbbell specimen {Ho 2) at a drawing speed of lOOmm/mln. 

The tensile strength at break of the obtained soUd polymer substance was 530kgf/cm2. 



(2) Shape Memory Test 

A solid polymer material was molded into blocks measuring 10x10x5mm. The blocks were com- 
pressed in a hot water bath at 95 * C to reduce the height by 35%, then placed into water at 20* G to fix the 
shape, and thereafter immersed in the hot water bath again at 95" 0 to determine the shape restoring ratio. 



Restoring ratio — 



To - T» 



X 100 
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wherein To : height of the sample before deformation 
T : height of the sample after deformation 
T2 : height of the sample on restitution 



Immersion 
time (sec) 


Restoring 
ratio (%) 


60 
120 


98 
99 



20 



Example 3 

el® ^^0?^^ 2% of 1G was Impregnated into 20g of fluorine^ntalning polymer (DaN 

SrTo^n^tes ^'^^ polymeri2ed with use of visible ray at room temperature 

ma„r ^'sr rrz^g'r re,r ^'^^^ ^^^^^ "^^^^^ 



Immersion 
time (sec) 


Restoring 
ratio (%) 


60 
120 


100 
100 



3S 



Bcampte 4 



Example 5 



polymerization was conducted in the same manner as In Example 4 except that 15q of MMA and 

^Tz^z ^jLz^z::^^ ^^^^ rr^r 



4S 



90 



55 
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Table 2 



Temp 


Modulus of elasticity 


(*C) 


(dyne/cm^) 




Ex.4 


Ex.5 


-100 


3.0 X 10^^ 


3.4 X 10'° 


-50 


2.8 X lO'o 


2.8 X 10'° 


0 


2.8 X 10^0 


2,4 X 10'° 


50 


1.6 X 10^° 


1.75 X 10^° 


100 


2.0 X 10^ 


6.8 X 10^ 


150 


9.7 X 10' 


1.8 X 10^ 


200 


1.1 X 108 


6.0 X 108 



The results listed in Table 2 are shown in Fig. 1, in which A and B represent the results achieved by the 
. materials of Example 4 and Example b. respectively. Rg. 1 reveals that these materials exhibit shape 
memory characteristics at temperatures of not lower than about 50 C. 

20 

Example 6 

Solutions of Dai-el® G801 and MMA in the proportions (weight ratio) listed in Table 3 were each 
25 photopolymerized under the following conditions to obtain a cured product. Namely, to the solution were 
added CQ and DMAEMA each in an amount of 0.5wt% and the monomer was polymerized with use of 
visible ray at room temperature for 10 minutes. The number average molecular weight ( FFn) of the 
obtained solid polymer substance was determined by gel pemieation chromatography (GPC) using 
polystyrene as a standard substance. 

30 

Table 3 







G801 


MMA 




35 


(A) 


66 


34 


44000 




(B) 


50 


50 


42000 



Example 7 

The shape memory characteristics of the composition of Example 6 (A) were evaluated by the following 
method. The sample was molded into bars. 60x3x1mm. The bars were stretched by 20 to 225% in a hot 
water bath at 90* C, fixed in ice water, and thereafter immersed in the water bath again at 90* C for 1 to 20 
minutes to determine the restoring rato achieved by varying periods of Immersion. Table 4 shows the 
results. 

Restoring ratio - ^^'^ I X 100 



wherein U : length of the sample before stretching 
Li : length of the sample after stretching 
U : length of the sample after restitution 
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Table 4 



5 



Strstchino 




Time (min) 




ratio f%\ 














1 


2 


5 . 


10 


20 


20 


100 










45 


100 










60 


91.7 


91.7 


100 








oo o 




100 






100 


90.0 


90.0 


95.0 


95.0 




105 


S0.5 


90.5 


95.2 


95.2 




225 


84.4 


B6.7 


91.1 


93.3 


95.6 



Bample 8 

fn ""^'^ °^ ^ ''^^ ^^^^l^®^ ^ copolymer of tetrafluoroethylene-propylene 

o riTf J'^?'* "'^^ '■" ^^'^ ^ ^"bjected to photopolymerfeation 

' o s^IhS' *° ^^^^ ^^^^'^ ^ DI^A each in an amount of 

u.5wt% and the monomers were polymerized with use of visible ray at room temperature fbr lO minutes. 

Table 5 



3cr 



Tetrafluoroethylene/propylene 
(60/40) copolymer 


5FMA 


EOMA 


60 


33 


7 



3S 



Btample 9 



^rJr^^!^ «®!r?? ?«^^'stics Of the composition were evaluated by the following method. The 
^? ^O''^''^"""- The bars were stretched by 20 to 50% in a hot water bath at 

St^^.nf»h ^ immersed in the water bath again at 90*0 for 1 minute to 

determine the restoring ratio. Table 6 shows the results. 

Restoring ratio m « -ki-Ilili. x 100 

wherein U : length of the sample before stretching 
Lt : length of the sample after stretching 
La : length of the sample after restitution 
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Tables 



Stretching 
ratio (%) 


Restoring 
ratio (%) 


20 

50 


100 
100 



10 



Example 10 

In 5FMA was dissolved a copolymer of tetrafluoroethylene-propylene in the proportion (weight ratio) 
listed in Table 7 and the monomer was subjected to photopoiymerization to obtain a cured product 
Namely, to the solution were added CQ and DMAEMA each In an amount of 0.5wt% and the monomer was 
polymerized with use of visible ray at room temperature for 10 minutes. 

Table? 



Tetrafluoroethylene/propylene 
(60/40) copolymer 


5FMA 


67 


33 



30 Example 11 

The shape memory characteristics of the composition were evaluated by the following method. The 
sample was molded into bars, 60x6x1 mm. The bars were stretched by 15 to 45% in a hot water batfi at 
90 *C, fixed in ice water, and thereafter immersed In the water bath again at 90* C for 1 minute to 
35 detemnine the restoring ratio. Table 8 shows the results. 

Restoring ratio (^) = ^ ' ^ ' X 100 

40 

wherein U : length of the sample before stretching 
Li : length of the sample after stretching 
La : length of the sample after restitution 

^ Table 8 



Stretching 
ratio (%) 


Restoring 
ratio (%) 


15 
45 


100 
100 



55 

Example 12 



70 



IS 
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hours r^itTp^re a ^ ^ ^ °' stfrrfng the solution tor 24 

test Pieces were sLS in hrwa.^f'^t^^^^^^^ ^^""^ The 

water again at SO'C to determine tJ^^ Li rLfori^T;^^^^^ T'^' ^'^''^^^^^ '""^^ ^ot 
Ther.0. TS30 (ther.op,as«c eia.. cX^tS°^^^^^^^ 



Restoring ratio (3^) = 



wherein U : length of the sample before sbBfchlng 
Lt : length of the sample after stretching 
La : length of the sample after restitution 



Tabled 



L, - L, 



X 100 



Stretching 


Restoring 


ratio (%) 


ratio (%) 


30 


100 


50 


100 


180 


75 



25 



30 



Example 13 

methlXTMUllnTrgtf^^^^^^^^^^ T P°'V-thy. 

10mm in diameter and 9mm i M ^llTr. """^ cylindrical pieces, 

then fixed in ice water ^^S^n^Tj^^ compressed in a hot water bath at SO'C 
the restoring ratio achieved by'^^p^S^onrlme^t^^"" '° ' ' *° ""'""^^^ ^ 



40 



Restoring ratio ^ IlUZJi 



wherein Lo : lengtii of the sample before compression 
Li : length of the sample after compression 
La : lengtii of tiie sample after restitutfon 



X 100 



50 



55 



Table 10 



Compression 
ratio (%) 


Time (min> 


1 


5 


10 


10 
26 


100 
66.8 


86.9 


87.2 



Example 14 
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Polyvinylidene fluoride (5g) and 5g of polymethyl methacrylate were added to 90g of N.N- 
dimethylacetamide. and the mixture was stirred to prepare a uniform solution, which was then placed into a 
constant-temperature chamber at 60*C to remove the solvent The residue was melted at 200 *C and 
thereafter quenched to prepare a film having a thickness of lOOum. The properties of the film were 
5 determined by the following method. 



(1) DSC measurement 

The sample, weighing 20.4mg. was tested using Du Pont Instruments 1090 Thermal Analyzer while 
raising the temperature at a rate of 20* (Vmiri. Fig. 2 shows the result 



(2) Modulus of elasticity 

The sample was checked for modulus of elasticity using a Vibron. product of Orientec Co.. Ltd.. at a 
temperature elevation speed of 2'C/min. and frequency of 3.5Hz. The results were given in Table 11 and 
Rg. 3. 

Table 11 



30 



Temp 

(•c) 


Modulus of 

elasticity 
(dyne/cm^) 


-100 


5.9 X 10^0 


-75 


5.4 X lO'o 


-50 


4.6 X lO'o 


-25 


3.4 X 10'° 


0 


1.8 X 10^° 


25 


6.3 X 108 


50 


7.6 X 108 



Shape Memory Test 

The film was checked for shape memory characteristics by the following manner. 

The sample was molded into solid cylindrical pieces. 10mm in diameter and 7mm in length. The 
molded pieces were compressed in a hot water bath at 90 *C. then fixed In Ice water and thereafter 
immersed in hot water again at 90*C for 1 to 5 minutes to determine the restoring ratio achieved by 
varying periods of immersion. The results were given in Table 12. 



45 



Restoring ratio i%) = XpHt ^ 



50 wherein Lo : length of the sarnple before compression 
Li : length of the sample after compression 
L2 : length of the sample after restitution 



55 
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Table 12 



j Compression 
ratio (%) 


Time (min) 


1 


2 


5 


5 
13 


100 
84.7 


87.6 


91.4 



;5 



20 



2S 



Bcampte 15 

eaclTlI'^ 29 <>"3ai'- TteWo «fe added CQ and DMAEMA 

Table 13 



30 



35 



Stretching 
ratio (%) 




Time (mm) 




1 


' 2 


3 


5 


10 


30 


22 
76 
145 
227 


77.8 
93.5 
98.3 
94.6 


100 

100 
98.8 
95.6 


99.0 
96.8 


100 
96.8 


96.8 


97.8 



Exampfe 16 

40 



^ Table 14 



Stretching 
ratio (%) 


Time (min) 


1 


2 


3 


5 


32.5 


100 








85 


97.1 


100 






120 


97.9 


97.9 


100 




175 1 


95.7 


98.6 


98.6 


100 
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Example 1 7. 

In 1g of MMA was dissolved 2g of Dai-el® 912 (vinylidene 
fluoride/letrafluoroethylene/hexafluoropropylene copolymer) and the cured product was obtained in the 
5 same manner as In Example 15. The shape memory characteristics of the cured product were evaluated 
similarly and the results were given in Table 16. 

Table 15 



10 



IS 



Stretching 






Time (min) 






ratio (%) 
















1 


2 


3 


5 


10 


30 


44 


100 












67 


96.6 


96.6 


100 








123 


96.2 


98.1 


98.1 


100 






179 


94.8 


94.8 


94.8 


96.1 


97.4 


100 



Example 18 

In 8g of MMA was dissolved 12g of a copolymer of vinylidene fluoride and chlorotrifluoroethylene [P- , 
(VdF-CTFE), vinylidene fluoride content : 55 mole %] and the cured product was obtained in the same 
manner as in Example 15. The shape memory characteristics of the cured product were evaluated similarly 
and the results were given in Table 16, 

Table 16 



35 



Stretching 






Time (min) 






ratio {%) 
















1 


2 


3 


5 


10 


30 


31 


97 


100 










67 


92.5 


98.5 


98.5 


100 






100 


90 


94 


98 


99 


100 




180 


90.5 


93 


95 


97 


99 


99 



45 Example 19 

in a monomer mixture of 7.6g of MMA and 0.4g of 1G was dissolved 12g of P(VdF-CTFE) [vinylidene 
fluoride content : 55 mole%l. Thereto were added 0.8g of TAIC and 0.3g of Perhexa 2.5B in addition to CQ 
and DMAEMA and the monomers were photopolymerized with use of visible ray at room temperature. The 
50 resulting polymer was heated at 160*0 for 10 minutes to obtain a cured product. The shape memory 
characteristics of the cured product were evaluated similarly and the results were given in Table 17. 



Example 20 

In a monomer mixture of 0.9g of MMA and 0.1 g of 1 .4-butanediol dimethacrylate (1,4-BuDMA) was 
dissolved 2g of G801 and the cured product was obtained in the same manner as in Example 15. The 
shape memory characteristics of the cured product were evaluated similariy and the results were given in 

13 



EP 0 385 443 A2 



Table 18. 

Table 17 



Stretching 


Time 


ratio {%) 


(min) 




1 


20 


100 


61 


100 


115 


100 



IS 

^ Table 18 



Stretching 


Time (min) 


ratio (%) 








1 


2 


32 


100 




52 


100 




63 


98,4 


100 



30 Example 21 



35 



40 



Example 22 

Table 19 



45 



50 



Stretching 


Time (min) 


ratio (%) 








1 


2 


32 


100 




58 


100 




90 




100 



55 
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Table 20 



TO 



Stretching 
ratio {%) 


Time (min) 


1 


2 


3 


5 


32 


100 








62 


100 








95 


97.3 


98.9 


100 




130 


96.2 


96.9' 


98.5 


100 



TS 



Example 23 

The shape memory characteristics were evaluated in the same manner as in Example 20 except that 
1 3-hexanediol dimethacrylate was used in place of 1 .4-BuDMA. The results were given in Table 21 • 



20 



Example 24 

The shape memory characteristics were evaluated in the same manner as in Example 20 except that 
2S diethylene glycol dimethacrylate (2G) was used in place of 1 .4-BuDMA. The results were given in Table 22. 

Table 21 



30 



35 



Stretching 


Time 


ratio (%) 


(min) 




1 


26 


100 


55 


100 



Table 22 

4Q 



45 



Stretching 
ratio (%) 


Time (mtn) 


1 


2 


3 


35 


100 






60 


100 






90 


100 






115 


98.3 


99.1 


100 



Weather-resistance Test 

To 3g of MMA was dissolved 7g of G801 and the monomer was polymerized in the same manner as 
Example 6. The obtained cured polymer was checked for weather-resistance by measuring gloss of 
sample after weather-resistance promoting test. Test conditions are given in Table 23. 
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Test conditions 

Eyesuper UV tester [SUV-WIS. Iwasaki Electronic Co.. Ltd 1 
Lamp Illuminance lOOmW/cm^ 
s Cycle 96hr/time 



Table 23 



to 



Kind of 
test 




Temp 


Humidity 


Light 


6hr 


63'C 


70% 


Dew 


5hr 


30*C 


100% 


Rest 


Ihr 



63*C 


70% 



20 



Gloss Test 



test was Checked for 60* specular gloss with use of a 



^ital variable glossmeter [UGV-50 product of Stinp Toct loV J^^r. ^toss with use of a 

Table 24, :. ^ ^ °^ ^"^^ Instruments Co.. Ltd. ]. The results were shown 



Table 24 



3a. 



Time 
(hr) 


0 


96 


192 


. 288 


384 


Gloss 


451.0 


463.6 


454.5 


464.9 


470.5 
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Claims 

«»y«o monomer, JkI potyrmSZ^^^I^^-T «»»l"«onl.lnin9 poiymor In on 

pc^. con««^ *..~c£'a^'.VT;^rraSrs,sr°^'*^ ^ " 

a.p^ymor.fl>K,ro^ton elas.oa,oror tlJophrsSSet?b^^^ '^'^ 
-„fc mSr.' """'^ ' »^«* «" IS mono. „ po^-to^ono, 
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TEMP fC) 
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a: is-c 

B: 53'C 





Temp, (•c) 
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^© Polymer material having shape memory characteristics. 



-'^T P^°^'"^^« a polymer ma- 

tenal havmg shape memory characteristics and char- 

foovm?r y ^^^'^ ^Om\ 

Q^polymer substance obtained by dissolving an amor- 

lUphous fluonne^orrtaining polymer in an acrylic mon- 
omer and polymerizing the monomer with or without 
perm.tt.ng the resulting polymer to form anlhS^ 



^netrabng polymer network, and a polymer material 
having shape memory characteristics and character- 
f'f /"at®"^ Prepared from a blend of 
{a> and (b). (a) being an amorphous fluorine-contain- 
tng polymer or crystalline polymer containinq 
vmyLdene fluoride, and (b) being an acrylic polymer 
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